Abstract-Nowadays, medical industry actively develops mobile based information system to improve service quality. It can not only reduce writing errors caused by human negligence, but also reduce nurse's and physician's workload and elevate the quality of patient care. The study was conducted at a medical center located in northern Taiwan. Through the establishment of the proposed mobile-based information system, documents used in surgeries are eliminated and are recorded in computers. This mobile-based information system combines HIS, PACS and LIS to assist medical personnel to import patient's clinical records, imaging reports, inspection reports and other relevant information before, during and after surgery. We propose the record, re-check, report and reference, the 4R checking mechanism as the core concept of the development of the proposed mobile-based intelligent surgery information system.
important part of medical treatment, from the time a patient is wheeled into the operating room, every check and confirmation done by the nursing personnel has an impact on the patient's safety. Hence, improving surgical procedures is considered an important safety indicator in enhancing surgeries of patients [1] .
The traditional surgical support system merely provides a simple interface design without providing users good operating results on using the system. Human errors and loopholes in system checking mechanisms can easily affect the accuracy and completeness of follow-up medical records. Some papers proposed the development of a surgical system that involves the use of a new type of information technology to assist health care personnel to handle various records needed during the surgery. In addition, in terms of performance validation of the information system, numerous thesis papers adopted the questionnaire analysis to evaluate the users' degree of satisfaction and the effectiveness of operation [3] . Moreover, in terms of measuring the successfulness of the system, DeLone and McLean [2] proposed six dimensions for evaluating the successfulness of the information system. They are system quality, information quality, service quality, user satisfaction, and use and net quality. Because using the proposed system is mandatory in clinical practice, the hospital set up a policy requiring operating room related health care personnel to use this system when making records. In our work, the service quality, use and net quality did not have direct impacts on this study. Only the system quality, information quality, and user satisfaction were adopted in this work as the assessment variables.
In this work, we attempt to establish a mobile-based integrated system to enhance patients' safety when seeking medical attention and to facilitate the transparency of the hospital's information. Based on 4R systematic checking mechanism, it is an integrated computer-aided surgery report system. Through the questionnaire distribution method, the health care personnel's satisfaction for system use was studied to gain an insight into improving the data record completeness and suggestions for other applications, thereby effectively eliminating the insufficiencies and strengthening the feasibility of the mobile-based surgical infonnation system.
II.
SYSTEM ENVIRONMENT General surgical procedures are divided into three stages:
preoperative, intraoperative, and postoperative stage as show in figure 1 . On the day of the surgery, control personnel of the operating room notify the nursing stations to check the room number and patient's identity, to complete all preoperative processes, and to wheel the patient into the operating room. In order to ensure patient safety, the scrub nurse and mobile nurse should first confirm data with the patient before the anesthesiologist administers anesthetics. Before the surgery, doctors, anesthetic nurse, scrub nurse, and mobile nurse will first suspend their work on hand to engage in "time out" action.
This step is the most important preoperative aspect: confirm patient identity, surgical method, surgical site, and related medical staff list. After the surgery, the patient is to be wheeled into the recovery room to wait for the anesthesia to subside.
Then, the respective nursing stations shall commence postoperative care.
In this work, the mobile-based integrated computer-aided surgery reporting system developed based on the 4R mechanism was put forward. The proposed surgical infonnation system is a web-based interface in mobile device, divided into three modules: preoperative, intraoperative, and postoperative modules. Before an operation, the nursing personnel can view the surgery schedule record for the day.
During the operation, this system can be adopted to input the surgical patient's physiological infonnation, the number of surgical appliances used, surgery-related information, and nursing records. Physician can write the operation records.
During the operation, the system can be connected to the Picture Archiving and Communication System (P ACS),
Information System (RIS), and Hospital Information System A.
Recording Function
As shown in figure 2, in this system, the record data was divided into surgery schedule, surgery detail records, surgical care records, and surgical record sheet. The surgery records must be completed as soon as a surgery is completed, while the unified format allows the user to write on the same table and enables the viewer access to neat and uniformed report.
The surgical schedule has a list of the patients to undergo surgery on the day, which saves the nurse's time in checking.
The screening function also helps fmd the data needed. In the surgery detail records, the patients' basic infonnation can be found, the names of the physicians and nurses involved in the surgery are recorded. In this frame, the patient's operating room nwnber, medical record nwnber, and name are indicated.
This allows the nurse to record the time by pressing the "time button" when performing an action. There are five checkpoints:
the time the patient arrives at the waiting area in front of the surgery room, the time the patient enters the operating room, the time the patient is administered anesthesia, the time the surgery is ready to begin, and the time of the preoperative "Time Out."
The surgical care record covers four sections, namely, marking the surgical site and special object placement site, checking data, appliance logon, object confirmation, and surgical care detail records. The main purpose of marking the surgical site and special object placement site is to double check the surgical marks on the patient before the surgery, so as to prevent medical disputes due to operating on the wrong site. Regarding the appliance logon, the number of appliances used during the surgery is recorded. The usage of the appliances may be recorded many times during the surgery. At the end of the surgery, the system will automatically add the appliances used for the nurse to conveniently tally and confirm, at the end of which the checker's name is inputted and the personnel in charge of the appliance counting is recorded for the purpose of responsibility attribution. In addition, the patient's anesthesia method, drugs and antibiotics administered, the surgery posture taken by the patient, and other nursing records are recorded to accurately keep track of the content of every item during the surgery.
Finally, the surgery record sheet aids in medical treatment and serves clinically as a diagnostic reference. Hence, the system framework mainly consists of text and images. The system especially features the requirement that the physician has to complete the current patient records before being allowed to move on to the next surgery for the next patient. As for physicians, need, they may use the sample reference function to fill out the page, through which the system automatically retrieves the diagnostic contents of similar surgeries for the physician to make quick corrections and deletions. The system's mandatory mechanism has changed physicians' past habit of writing. As for patients, it serves as a protection, as it prevents record data from being tampered with.
After inputting the data, the writer's personal account and password have to be supplied, and this record sheet does not allow modifications. B.
Rechecking Function
The surgical procedures are divided into three re-checking time points, and the checking is performed targeting the time, 
C. Reporting Function
The detailed medical history contents fIlled out before, during and after the surgery should be confIrmed for errors and omissions by a nurse to facilitate the automatic acquisition of information needed. By clicking "print", three forms: the surgery record (OP NOTE) as the reference for determining prices, the surgery record sheet (OP RECORD) as the doctor's advice, and the surgery care record sheet as a fIle saved by nurses for future reference. As shown in fIgure 4, after clicking the single-lined red box "signature", the double-lined red box frame in fIgure 4 will appear. After entering the nurse's employee I.D. number and password, confIrming and clicking "OK" indicate the report has completed the electronic signature.
That is, subsequent modifIcations will not be allowed, and only browsing can be executed. To health care personnel, this is an undeniable proof. As to the patient, the health care personnel's alteration of the doctor's advice and nurse's advice leading to medical disputes can be prevented.
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will insert the time an additional record entry is made. Finally, at the end of the surgery, the system will calculate the total number of tools used during the surgery. As shown in the double-lined red box in fIgure 3, after the nurse took inventory, the pop-up window containing the serial number and code entered appeared for confIrmation. Compared to the conventional way of tallying the usage using fIve strokes, nurses today can check and count whether the inventory matches the actual quantity, so as to make sure no apparatuses are accidentally left inside the patient. After wheeling the patient out of the operating room, surgeons and nurses must engage in shift matters, including reconfIrming the patient's name, the name of the surgery, the blood pressure changes before and after administering anesthesia, the surgery situation, the blood loss, the wound condition, etc. They must also advise on matters to note during the recovery and treatment of the patient. After the entire surgery is completed, the system will automatically perform a check to detect omissions the nurse has failed to fIll out. In case of omissions, the system will send out a warning to ensure the completeness of the system contents .
• Sw-gezy Care Record - "agree", and "strongly agree", with total scores ranging from 17 to 68. A higher score represented a higher degree of satisfaction. Among them, two questions were reverse topics.
After the implementation of the proposed system one and a half years later, the overall satisfaction fell in the score range of "satisfied". The item with the highest score was "complete functions provided by the surgery record system", with the average score of 3.03, followed by "satisfied with the overall surgery record system", with a score of 3.00, indicating the health care personnel was highly satisfied with the overall surgery information system and its functions. The reverse question "long response time when the surgery record system is running" had the lowest score. In the open-ended questions, "the inputted data cannot be automatically stored at fixed time interval, and data will be lost if the computer is crashed" accounted for the majority. Concerning the completeness of the nursing records, random samples of 300 copies of medical records before and after the system setup were selected. Before the system setup, the nursing records' mean completeness rate was 88.7% (SD=15.9), while the overall completeness rate of the nursing records was increased to lOO% (SD=O) after the surgery information system setup. The system's checking mechanism enabled every medical historical copy to be automatically checked after each surgery to determine if the nursing personnel made omissions. Pop-up windows also appear as reminders, which significantly enhanced the completeness rate of the medical records.
V.
CONCLUSIONS
An integrated computer-aided surgery reporting system was designed and developed based on the 4R mechanism. This system was implemented and tested clinically for a year and a half. The completeness rate of the medical records increased from 88.7% to 100%, and the health care personnel that adopted the system to write and retrieve data saves the time of writing forms and reduces the occurrence of errors, thereby enhancing patient safety and health care quality. In addition, this mechanism allows all of the information collected during the surgery recorded and shared perfectly. This system also helped save the printing costs of surgical record sheets and surgical care record sheets, about 100,000 pieces of paper or NTD 63,900 each year.
As far as application is concerned, the surgery information system saves the work time of health care workers, but the inability to automatically store infonnation inputs at fixed time interval should be improved. In order to ensure more diverse functional design of the surgery infonnation system, it is suggested that follow-up researches engage in in-depth discussions toward this direction.
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